This file contains values of potential energy parameters produced and used in the course of the reported work. In addition, details on the fitting done for specific side-chain residues are given.
. Methyl guanidinium/arginine side-chain atomtype assignments. Figure S2 . Pyrrole/tryptophan side-chain atomtype assignments. The backbone atomtypes are as in Figure S1 . Table S1 ). Briefly: C-CT-CT-CT Glh 1' 2.011 3.160 3.800
CT-CT-CT-C Glh 2 3.500 1.252 0.000 Table S1 ). Briefly: 
Details Regarding Side-Chain Fitting Results

Serine
For the serine amino acid, the backbone model was adopted without change from the alanine set, 11 and the side-chain parameters (with the exception of the torsional parameters noted below) were taken from methanol.
10
The side-chain torsional parameters related to   (  and   ') and   were fitted.
23
The results of comparing the final conformational analysis for serine dipeptide simulated with POSSIM compared to the quantum mechanical data are given in The average error in the key dihedral angles (here and in the other cases, the key dihedrals are the backbone  and  and side-chain  or ' torsions) as calculated with POSSIM is 6.3° vs. 8.1° and 4.9° in PFF and OPLS-AA, respectively. Overall, the POSSIM model performs well in simulating the serine residue.
Phenylalanine
The model for the phenylalanine residue was produced by merging the alanine backbone and benzene parameters from POSSIM with the torsional energy parameters for the 1 and 2 side-chain dihedrals fit in this work. The target and fitting quantum mechanical data were taken from previous work, 
Cysteine
Alanine dipeptide and the CH3SH molecule were used for the non-bonded parameters of this residue, as well as for the other parameters except for the torsions related to the 1 and 2 side-chain dihedrals. The results of fitting of these torsional parameters are shown in Table 4 . It can be seen that the geometry is consistently close to the quantum mechanical target (with only one slight exception of the  angle in the first conformation that differs by about 30°). The overall energy error is 0.25 kcal/mol, comparable with the 0.27 kcal/mol of PFF and somewhat better than the 0.35 kcal/mol error with OPLS-AA. The average angular deviation is 6.0°, not very different from PFF (4.8°) and OPLS-AA (5.8°) values and definitely in the acceptable range.
Asparagine and Glutamine
Asparagine and glutamine dipeptides were created by combining the alanine backbone and the acetamide parameters developed previously.
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Results for the conformational studies and side-chain torsional fitting for these systems are given in Tables 5 and 6 . For asparagine, the RMSD of the conformational energies was 0.14 kcal/mol, between the OPLS-AA value of 0.16 kcal/mol and the PFF result of 0.02 kcal.mol. In case of glutamine, the average energy RMS error is 0.58 kcal/mol, compared to 0.92 kcal/mol for PFF and 0.96 for This is a significant improvement, especially given that there are eleven conformers. The average angular deviation of 16.3° with POSSIM is comparable to the PFF and OPLS-AA average errors of 18.0° and 13.9°, respectively. The largest error is in the values for the 3 side-chain dihedral.
Histidine
We considered two electrostatically neutral histidine dipeptide forms, Hid (protonated nitrogen 25 atom in -position) and Hie (protonation at the -nitrogen). The quantum mechanical conformational data for the Hid form was not used in deriving parameters for the PFF force field 7 and we have produced them in the course of this project. The results of testing the conformational equilibrium for Hid are shown in Table 7 . Average deviations in energy and the key dihedral angles are 0.94 kcal/mol and 15.6°. These values are generally consistent with the other residues given the number of conformers. We did not compare them with the PFF and OPLS-AA results as they were not reported in the previous work.
The torsional parameters related to the side-chain 1 and 2 dihedral angles in the Hie dipeptide were fitted to the same quantum mechanical set as used previously for the PFF and OPLS-AA force fields.
7
The results of the POSSIM calculations are presented in Table 8 . We have managed to achieve an improvement of both the energy-related and angular results. The POSSIM RMS deviation of the conformational energy is only 0.68 kcal/mol (compared with the PFF result of 0.83 kcal/mol and the OPLS-AA result of 0.85 kcal/mol). The average error in the key conformational angles for POSSIM (8.7°) decreased by more than a factor of two compared to the average errors for PFF and OPLS-AA (18.2° and 18.7°, respectively).
It should be noted that conformers 4 and 5 are different in the quantum mechanical calculations, with the only geometrical difference worth mentioning being the ca. 26° shift in the value of the backbone  angle. However, all three force fields (POSSIM, PFF, and OPLS-AA) yield the same result of these two conformers converging to just one.
Overall, performance of the POSSIM polarizable force field for the neutral histidine residue is adequate and consistent with that for the other amino acids.
Leucine, Isoleucine, and Valine
These protein residues were constructed by combining aliphatic POSSIM parameters with the 26 backbone fitted to alanine. Results of leucine conformational fitting are given in Table 9 . POSSIM performed reasonably well for all the conformers except for the very first one, with the backbone in the C5-conformation region. The quantum mechanical geometry is still reproduced by POSSIM very well.
The average error in the key dihedrals is only 5.4°, compared with the 5.1° and 5.9° of the PFF and OPLS-AA results.
All these are in great agreement with the quantum mechanical data. The POSSIM conformational energy RMSD is 1.02 kcal/mol, noticeably greater than the PFF and OPLS-AA errors of ca. 0.35 kcal/mol. However, given that the larger RSMD is created mostly by the first conformer in the C5 backbone region, we believe that the overall performance of our leucine parameters is acceptable.
The isoleucine results are shown in Table 10 . Here the performance of the parameters was uniformly good without any special conformational cases. The average RMSD in the conformational energies was 0.54 kcal/mol, and the average error in the key dihedral was 6.7°. This compares well with the PFF errors of 0.88 kcal/mol and 11.8° and the OPLS-AA deviations of 0.38 kcal/mol and 5.5°.
Conformational data for the valine dipeptide is given in Table 11 . The POSSIM force field produced conformational energies within 0.13 kcal/mol RMSD and the ,  and 1 angles within an average of 5.1° from the quantum mechanical results. The PFF deviations were 0.01 kcal/mol and 5.1°, and the OPLS-AA errors are 0. 08-0.16 kcal/mol and 8.4 -8.6°7 . Thus, all the three force fields reproduce these conformational properties for valine adequately.
Methionine
Results of methionine dipeptide conformational energy optimization with POSSIM are shown in Table 12 . The side-chain torsional parameters refitted in this case were those for 1, 1
' , 2, and 3, as well as torsional parameters for the H-C-C-S and C-C-S-H dihedrals. Average error in the conformational energies as obtained with POSSIM were 0.23 kcal/mol. This is much better than the 27 0.53 kcal/mol and 0.59 kcal/mol RMS deviations for the same system simulated with PFF and OPLS-AA, respectively. The average error in the POSSIM key dihedrals (including the backbone  and ) is 5.1° which is comparable to the average error in the key dihedrals as calculated with PFF (5.4°) and OPLS-AA (5.2°). Thus, the overall, the quality of the POSSIM parameters for this amino acid is very good.
Proline
Proline dipeptide represents a special case. Just like in the previous works, should be noted that we refitted torsional parameters for the N-C-C-C, C-C-C-C(O), and C(O)-C-N-C angles, and this refitting was not carried out in our previous projects involving torsional force field parameters fit for this residue.
Tryptophan
Results of torsional fitting for the tryptophan dipeptide are shown in Table 14 . We have produced parameters for the C-C-C-N, C-C-C-C(O), and C-C-C-C dihedral angles (1, 1 ' , and 2, respectively). The conformational energy RMSD calculated previously with the OPLS-AA and PFF force fields were 0.50 and 0.49 kcal/mol, respectively, and the average deviations for the key dihedrals were 24.2° and 19.4°.
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The average angular error obtained with the POSSIM simulations is 19.2°, but the energy deviates from the quantum mechanical result by 0.75 kcal/mol. While this error is somewhat higher than that obtained for the previous version of the force field, its value as such is not outside of the range where conformational energy errors can be considered reasonable and acceptable. It appears that this system has a relatively flat potential energy surface with a number of shallow minima. This character of the energy landscape is reproduced by all the three force fields (OPLS-AA, PFF and POSSIM).
Threonine
For this system, the torsional parameters for 1, 1
' , 2, and related dihedrals were refitted. The results are shown in , and 2 dihedral angles. The parameters related to 6 were adopted from torsional parameters for phenol 26 without change, and the remaining torsional coefficients which include atoms of the aromatic ring, were the same as in phenylalanine and benzene. The results of validating these parameters with the conformational calculations are presented in Table 16 . The RMS deviation of the conformational energies is 0.27 kcal/mol. This value is the same as for PFF and is somewhat smaller than the OPLS-AA RMSD of 0.39 kcal/mol. The average error in the key dihedral angles was found to be 13.7° with POSSIM and 8.9°
and 8.1° with PFF and OPLS-AA, respectively.
Protonated Aspartic and Glutamic Acids (Ash and Glh, respectively)
In cases of these protonated carboxylic acid residues, we report the average errors in key dihedrals including the last angles (3 for Ash and 4 for Glh) that contain the acid OH hydrogen, even though the values of these angles are not given in the tables describing the fitting results (Table 17 for the protonated aspartic acid and Table 18 for its glutamic acid counterpart). As can be seen from Tables 17 and 18 , the RMS deviations for the protonated aspartic acid and glutamic acid dipeptides as simulated with POSSIM were 0.26 kcal/mol and 0.92 kcal/mol, respectively.
The latter error is somewhat on the larger side, but not unacceptable, given the absolute values of the conformational energies. The average errors in the key dihedrals for these two systems were 12.4° for Ash and 9.9° for Glh.
While the protonated forms of the Asp and Glu residues are not typical in proteins, they have to be parameterized for such applications as calculations of protein pKa shifts.
Aspartic and Glutamic Acids
As discussed in the Methods section, parameterization of charged residues was carried out with constrained geometry optimizations, thus only the POSSIM conformational energies (and not geometries) are compared to the quantum mechanical references.
Torsional parameters for the 1, 1, ' and 2 dihedrals were refitted in the both cases. In addition, the H-C-C-C(O) torsional parameters were fitted for Asp. The resulting values are used in the both residues, supplemented with refitted parameters for C-C-C(O)-O in Glu.
Results of the torsional fitting are given in Tables 19 and 20 . The average error for the aspartic acid dipeptide conformational energies is 0.71kcal/mol, and the error for glutamic acid is 1.48 kcal/mol.
The OPLS-AA results varied between 0.16 kcal/mol and 1.95 kcal/mol for Asp (depending on the torsional parameter set) while the error was 1.53 kcal/mol for Glu.
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The RMS deviations with PFF were 0.77 kcal/mol and 1.47 kcal/mol, for Asp and Glu respectively. Overall, the performance of the POSSIM parameters is consistent of that of the previous generation polarizable PFF force field.
Protonated Histidine
This residue was parameterized by refitting the torsional parameters for the 1, 1
' ,2, and 2' dihedrals. The results are shown in Table 21 . The average error in the conformational energies was less than 0.01 kcal/mol. This result was achieved without any torsional coefficients exceeding 5.0 kcal/mol in magnitude.
Arginine
The last charged side-chain residue we worked with in this project was arginine. The side-chain parameters were produced by fitting methylguanidine potential energy functions as described above.
The torsional fitting for this amino acid was carried out by adjusting the Fourier coefficients for the 1,
1
' ,2, 3, and 4 dihedral angles. The results of this fitting are presented in Table 22 .
The average error in the conformational energies was 1.05 kcal/mol; this falls between the PFF and OPLS-AA results of 0.79 and 1.15 kcal/mol, respectively.
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It should be noted that the error in the POSSIM energies is defined almost entirely by minimum four, the highest energy and thus the least probable minima. Removing this minimum would reduce the average error to ca. 0.04 kcal/mol. Thus, we believe that the POSSIM parameters for this residue are adequate.
